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Abstract: 

A programmable metallization cell ("PMC") comprises a fast ion conductor such as 
a chalcogenide-metal ion and a plurality of electrodes (e.g., an anode and a cathode) 
disposed at the surface of the fast ion conductor and spaced a set distance apart from each 
other. Preferably, the fast ion conductor comprises a chalcogenide with Group IB or Group 
IIB metals, the anode comprises silver, and the cathode comprises aluminum or other 
conductor. When a voltage is applied to the anode and the cathode, a non- volatile metal 
dendrite grows from the cathode along the surface of the fast ion conductor towards the 
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anode. The growth rate of the dendrite is a function of the applied voltage and time. The 
growth of the dendrite may be stopped by removing the voltage and the dendrite may be 
retracted by reversing the voltage polarity at the anode and cathode. Changes in the length 
of the dendrite affect the resistance and capacitance of the PMC. The PMC may be 
incorporated into a variety of technologies such as memory devices, programmable 
resistor/capacitor devices, optical devices, sensors, and the like. Electrodes additional to 
the cathode and anode can be provided to serve as outputs or additional outputs of the 
devices in sensing electrical characteristics which are dependent upon the extent of the 
dendrite. 
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H^ng Jt^m s oia siassfe 





H^H^ I>^& ^^tf^(10)("PMC n )e »2!>imE-3^0ISj» »S H^OIgESI.' * &}| H^0|S£Efl|2| S^Oil dHx|£IB Aj^ All M >IBI 

oi^e 2^(i3,u)(oii, si m^)m ss&a. bf^^a^i, zQ^oietsife ^Dims. \ b nm ^ n b ^xi£r ^3^1 

LIE! 5&Sf2, 2,^8 HSSH1, gf^OlteOlU 3|Ef £X||« S»eCh g^Oil SPUt (HI, tll*l»« ^ 0IHEFOI 

e}f B^0IS£x1i°J 521 CP-S-h g^OiiAH^EI g>R S§^a. 2]HEJ0|M°I = 2J ESTa- AIZJ-2J S^OICK EUHBF0IM 

S| S§8 3S*S XHI>I ohCt| §X|A|fJ ^ £UB gj^lfll- M^Oil 2^ ^2A|5?I^ 5! Oil £|oH ^SA|^ ^ 2iEK @IH£|0|M°i ^01 ^Sf^-P 

MC2i ni, h iiF saoii s^s oiaa. pmc^ oiisai sxi, H^n^ xHS^i/eei/H ^^§xi, ^ai o^bh ^fxi ^i^^ ^ 

X-lllfl 4= 9JLQ. i,R31- ^^011 X1l^6h01 , 9HH^0IM£J B^IOII mgm ^Xl S-CHI 910ik\ &x\2\ SE^ ^ 

EHHSE 
SE1 A 
SAIlAi 
^I^^O^ 

^ t§8 oj^ah H^0IS£^l, ^^£J 2^, ^ S^-XIICH ^ ^ h ^l H^0|g£^iHJ S3°l &^l Ah 0 1 Oil S!H£F 

0|^(dendrite)a S^5^ H^B^ Dl^& S^lf^OII 30ID1, MQ ^Allo^lfe H^B^ ^^tf^e Olgoffe BX[ DilSBI, H 

^b^ ns^i a eeiAi, s^s^&xi, as ^iah£f sxioii aom. 

(Oil 2 ELI Sfl) 
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on set sat bhoiuai chioieh heu^ §a§ n§s^ g^Ei2f a» M±mm Mgea. ois oiieai sxioiite 2*2* ^£oi pb oibh ?ni 

EfgJOl £13, 2|2|2J E}°'B 33011 ^9 01 EH 3hX| SS3I- B§i XI LIU SiP. 

OIIS SO), Jfi£ig S^EHOll Ahg£lb S£ISE 3|2jS«("RAM")t, *1«« 0H2EIOICK ^, 2§!0| »BS^U SI^SH HSS CHIOIEH 

§ £f£JSWI SDK aOIU^H("DRAM")S ^61 HS£1 QIOIEIS ^Xlo^l ^IShOI 4- 0K)I3S SCUQ- 2.ISSII A|(^, XH^2)£JOi 01= ofb 9|gJg 
0| QK ^EH^il("SRAM")B 2^01 ^X|£Jb ^ 21^9 BI0IH3J SXIHXIB, eB B^0\ Xt&S& QIOIEIS HfEUH OIS 91 0)1 

2ei ^^oii si. o) ah b , ai^^oii s^s^ ssioi »eaxi at etoii boi/he* ^xis^ 201a. 

CD-ROMB UI9ISfi 0il2EI°J Oil 01 Q. CD-ROMB ZJ 2P2 S! til LIS §£I SMS ^ Si§ §2^ S^3I S S^S ^XIXIB, Oil 2 El ^ 
¥EH B^ft 4*B 2A3 40h acf. CQ-S4-/H , SB CD-ROM0I 3 XHI^HfS Oil AH H^3^£J2 AHSS QAI 4- StJI 9 

P. 

»3IHSS»(0II, M£HI P^3, 6[E P^3 U »3I 9I0|H)» STB ^IE}£J HSSfl ttEl OHJEI- §^ P^32f »S Q-B Al^gJMB b\m 
1^012, DH¥ B g^M ^Xlffl, 01 EH £011 ^xUH PAI }|^ 4= &P. 3EHU-, MSSMI2 OIS Oil H El gxlfg MEI^2^ 32PI- 32 S 
2^ xi son Qj^ShCN. 3^2J Pl^ll^oi HEhOIHM Hfi^ fiSEi O^UEf &CH32S &B §F2| ^bl£P. 01 Si ¥§^ei SB OIS 0)1 

2EI 9XISS SB 3! US EH 21- JH£J P XII 31 ("PDA")2f »8 X12^ #CHg SMOII ^§6^ Qfl dlS^OI^I »D. 

§™es^ zmm ±esnM xhss §mi ^ai^ ^siai^i^ *qis ^eh ai^^hj s^s <m^oh d\°\^\ca, Bmn\mo\^ ^2 
a oil 2^1^01 ye.i m&an sia. uonn ois hchm ai^ssb 2^01 »eaas 010112 at 0 1 eh xhss mo.^ o[j\ wmm, uitittg n 

01 ei a^Eisoii ?xo\m iim H^nnj Jt^m ^2x11 bi«aa oii2ei sxi^, H^n^ ^^ei- e.^s§ ^i^sx!("prom")oick ms- 
^le^ei prom^ ^fgii3°i cnaioiM Mtsffe 20m, prom^ ^b h^d^sjs cui ssnss ^ si20i, 01^ ah^ chioieib 

o\ j\mm ^ axiB ^>i^ 4^ a^ o«a£i("woRM")2i asom. ^» promceprom-jb ^^^oixib, xh^i^ om 

XhS] >d CHI 2S8^ 51 S^Sfe ^I§1 <M|y^oiOf ohQf. xh^i^o^ ^ 01- PROMC'EEPROM" = "E 2 PROM")B P^U ^l^^ h 

^ 2i22^, OhQI- Ol^^oi gA^o| blf^^^ ^2x|| CHI2ai^ 20IP. 

2 PB EEPROM MEHAI CHI 2 El ^ 351°J bdB H20II dlohOI Hg^OIXIB, 3 EH U EEPROMMB LH^^OI ¥^6FP. EEPR 
OM0II Si 01 AH B[L[2\ 4Q ^XilSB 01^01 a^5jo^ DH o ^xi- 6 ^^ 301 P. OIM Oil 2 El Sxl Oil A^gSJ^ M^H >ilOI^ ^1^ ^X^ 3 
HI ^01 CH§2 ^CH^2^ S^B gfSi ^2zHI ^S^M xfXI^P. Ee! H^S fi?ll&0|| 2iO) AH §x|« M^H^ofe CHI ifiel HS&Oil 2P2 
^ 6h010^ °hP. 0I51S EEPROM2J Oil 2 El g^SI B^l tilM a dl SOI PB Oil 01 EH XH^^BOil til 6^04 ^B^2^ kQfb 31 °JDIs.HP. EEP 
ROM2J PB OIMOI til^ &&9\ <^m SI 01 CHI 01 EH S ^XIS 4= SAP 3 5hCHEf2. HSH^ohfe CHI &CH32^ S^B ^21 ^fi^ 
=[P^ 20IP. Ol&j 2^^2^ dH EH El ^ SSie gij§£[ Al^gOil SiOiAH^ 20IP. 

^^2^ XH^Oil tiimm m CHB°I tJI^^^ 0II2EI JlirOII CHShOl &B ^^'Ol Si£l2 SiP. MS6^I2 01 a CHI 01 EH XHS 2^011 
61-01 a^SS XH^^J ^S^lei- ^§1 ^5H6hfe ^XHISOI 01261 5.^^01, 01 ^ 01 EH ^XHISMOII^ tilS^^o] XiS mglt ^B^°^ 
0) B| S HI^^SOI 5^CK 

CP- E}M , ^AH ch^£[ e&^ei CHI 01 EH XHSSxl£f 01 EH ^hX| ^H|£J ^§0||Ai, ^g^o^ XHI^tilgOl Xigth, 5.^/^1^ 0112 

El ^1^ ^ Sxl^h XHIS2I 5101 OH^ b^^lS 301 P. 2^, 0|£± Oil 2 El 2XH&^2, til^l^^ ^ ^B XiliSJ^^M ^^6^1 81-H A| 

2 XiSgf 61- Oil AH ^emOl AH^^ AHICH2] #Qig g^EH Sx|2J fi^Oil ^t^hOJOt °IP. 

S L^CHSQ. XHS3I2- ^&lAH2f ^B ^StflM^ 01MB ^^6F01 ^CH^2^ i§§ 2^1^ 3tS ^hSlCK ^^X|^EH2F ^B S 

§ StSB SEi- 2^ X||CH2^0il o|^§ m| ^^2^ ^^l£JO^ SiP. 

01 s ¥ E[^a gsy a^2^. SHy^a gsy^°i ^ D\^m ^mm ^ ?i= xwisi §xi« ^fxi^ 3B dh^ of 

510IP. 01l« MOi, 61 LI 2] 3 XH^Hf §§§ ^SFAI^I A|3^0il a Jiofb ^Stfl^^AH ^g6F3 3 EH ^ AH 2 2*[ 

P-fi ^ 0)1 AH ^ §8IS! SXPJ OIBI MSHSB 4^ ^§ ^Stfl^^Ai ?|§6fe 3^i §x|« ^^X|^ 301 DH^ BB5|» 30ICKP, 01 H 
Sf^ H^3EHS0| « Oil SxlOII ^|2j9D"). 0|2j ^B §X|^ e^&b|2| §5SI^^¥EH 2U2 AI^^SJ XilOjOil OI^UI^ 

XI 01 EH ^^X| P2^ ^§011 A^^ 4- SiM 30IP. 

(^^&x|) 

^13, g^EH, S Ell blS ("HDTV"), gMS^I §1 P^MEIIOI &x|2f ^B 01 EH ^hXI ^^^xlOil CHS ^9.J\ =^^o^ 

^3 sip. oiis mo\ gssmm §215^ ^a e^s xibs^ aieh 2^ ^af SA^e ^b^oiu ^ip p^ooii o\m ^^ai^i^ di eh mix m 

S ^^SxlOil 0|g^ ^ Si3, XHb|g2^ g 01 6^1 4- Si^ SxIM Xi|g8^ 3B DH¥ b^^lB 30IP. 

Xf£l£0|Lf ^IP gJ-A^B, OIIS MCH ni¥SS ^ZiMBlH 3\Bt 01 EH ^^X| ^oH^ 9 8fS 2i^0IMI Olxl^ 32^ &0iX|3 Si^ 3^1 SOI, Xh 
^IP aB ^AhdOII CH«h ^§6[b 3B OH^ IfiSl 3 01 P. 

Djei/H, »filtf(10" 7 -10" 9 DIE)), X-RaydO" 9 -10" 11 DI EH), % ao^dO* 11 -10" 14 0 1 EH ) jII- ^B BIttS 8JAI-6SS ?iet mS^jAH 2b ffi§ 
AH OiEIIOlM XHb|g2^ OlStt ^ 2^2^ Xil^^F SOI» SxIM HlSShfe 3B OH^ b^^ 30IP. 

(SB) 
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Diiearsxi, R^nm ^se jhsui §y esiAH &x\. &z\, sj vim mit sag sg^ej- m§2£ eimoi, o\m oian :>m e 

s saa 5ip ps stxisoii ^gn 4- h£bah£ wg uisss goioMi * ai^ 9x1a si so- ^ hob dh^ t^a^a 20m. 

S »32| OIIAI^oi ? XII Oil Oil P^, H^3^ g^SUBCPMOOl 39159 01, 01 PMC^ a33IIU =-3*0ISj» «S H*OieSE». » 

SJI^ ££XH^M PHI 01 ^^1 ZQ^r0|££xll2i 52CHI AH i= & AilM 3H Bl Ol^SJOi dHx|£J^ ^CH£ 2JH21 2^(011, SaBCK 
OPIOil 2±^£! B33i|L|=(chalcogenide) aHS^t a. *jBil^ a/SEfe S»Sfe tf^iii S»6hfe 20IP. ataxia ?»IOIIOII 

HCH AH, i3^0IS£»lfc ^^115 I HM % II 21 S^PiS bl-a£|8f3llte, ^aSbl4:§: arsenic trisulphide silver)^ 5am 

H, a^S 2§ sa»H. ohs D |- 0 |U 2IP 2£ XH^M SaBQ. 

g^ui s^oji 2^01 s^a [eh, di^^^ ^ £!£Poim^ zq^oissmisi see pp s^ss^a a^« s ^s^i asaa. &1£poi 
eoj oi^^ 2^31 AIZI-2J a4>oip. a^g ai^sta @!£ejoim°i aaoi sxia ^ hh, s^a g^g 2^ e*as s> 

2 @!HBK)IM3J 9801-a 4= HP. 2I£P0I^°J a 01 21 ^£ft=r PMC°I Has M^dl 3§i 0|£!Ch 

S »B2| » CHI CO- S4-, PMC^ Oil £2.1 H§ SflS/H OISSP. MP- ^fll^SS, ^§ 312*011 3 MAI ££r B£ dhOICH^M s^HF 

ot^oji o]^m°SMI, ^§ lJOI°j E!£P0|^g ijga 4> Sa^ £31^ JftSIOIIEIte 01 @!£P0IM°1 ^ 01 CHI 

£^oi hp. wasie =p soil oil houh, ofKna axil at £¥§ & smoii xiaAia ^ hp. 

e assi as »§ioii pp, pmc^ n^ng na^i/sa/H sms/h Atsa * hh, oi^ioii/h uiaa se= saa*s =i»a Aias 
oca em ei^Fmoj H^n^Ai^jp. 

e 5£ pe oil tnah s^issv§xife ^dirn^ pmcs s&bp. s^moii e a^oi w, ai^eioi^ "ai 

e"^^ |^gn, Ol^g iHlofb #21 e^S XfBSfb Al EH SEfe ^Ah SMgJM ^3&!0|U ^IP P^Oll CH^H &&MB\?\ 0I2H 

m°^.M ^g^P. 

^ ^S£J 3E P^ «S Oil Q}E4- f PMC^ &Hh§ ttlMsLM 0|g@P. 0]^PO|^°J £J§ ^ goH ^£^1- ^§ WSOil °i^6PI ttHg 

Oil, E0H^OIM2J £*m°| xhOlfe gJA^°| ^£011 MP £^£101 HP. 

0I6K £21 S^8^0j B iSi ^Ailol ^SthP. 

£1A^ ^ ^S2J &h i?x-il Oil Oil (HE ^^0ilAH2J H^3^ ^^lf^°J g££, 

£1B^ £1A2J 1-1d0il P^ &££, 

£2^ OilAl^oi n^n^ ^^If^OilAH A|Z! S^IIS MOI^^ HdHH, 

£3^ H^Zlg ^s}*Joj OjlAI^ Oil AH §§I AIZI ?}9\ mH\m MOI^^ 3^iH, 

£4A^ £ P^ ^X-ilOliOil Pg 4^ ^^OilAH^J ^^5f^2J g££, 

£4Bfe £4A£J 2-2^0il PB BBS, 

£5A^ ^ ^SOil P^ OIIAI^o] 4S§ 01|£P §x|2J 

£5B^ £5A°J 5-5^ Oil P^ EfBE, 

£5c^ e ps ^^loiioii mm ^ oii£ai sxisi &^£, 

£5D^ ^ ^g2J £ PS ^X-llOJIOi! P^ Oil£ai Sx|2J &S£, 
£5E^ ^ ^S2j £ PS ^^1 Oil Oil PE Oil £2.1 &X|£| &S£, 
£6A^ ^ ^SOil PE OIIAI^oi ^xig QiiSE.1 &x|£| 
£6B^ £6A2J 6-6<y0il PE BBS, 

£7A^ s iraoii ps H^ng sb/bs sasi oiiai^oi ^aoiisi ^^£, 

£7Bfe £7A2J 7-7£01l PS BBS, 

£8Afe B PS ^^lOIIOil PS ^^§1 &X|°| gBE, 

£8B^ £8A2J 8-8<^ Oil PS BBE, 

£9A£r ^ ^SOil PS OilAl^oj 2 21-1^ SBE, 

£9Bb £9A2] 9-9<y0ij PS 2^1-^^ &X|£J BBE, 

£10A^ S ^SOil PS Oil A| ^ oi bhA^tf aii AH £J SBE, 

£10B^ £10A2J ^iAi2J 1 0-1 0<^CHI PS BBS. 
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£1A 31 EE1BS «£SfE, S g*S2| & ^^l Oil Oil WtB 0||A|*j°i ^S(^H) ¥£2J HIH^ ^sff ^("PMC")0| £Aj£|CH £1A 

te PMC(10)2| £1B^ E3A2J PMC(10)2j 1-1^011 ID-B BSEOIO. 

PMCb H^OI8£fl|(12) » 0| I2^0l8£xll{12)2| SEOil HH*I8 ^4>2| 2^(13, 14X011. 13 ^ gf^ 14)S S&&CL fi@!2iO£ f 
;ia(11)i H^0I8£3I(12)2J 3!¥. 2^(13.14)2] «, SEb S¥0il JJISSKH, Sfl(10)0l| a £3 aiQSOl ¥^S£^ tt 4^ 21 CL D\B 
(11)8 OtIS MOi BB^SI. BEH XH^ ^ m8 \ ^/h^ ^ 

£1A£f £1BM S2oha, H^0IS£flKl2)fc US 2 5H^, &3^0IS «EL|, BS^OIS bjg§ etEfll, H^l L|E-a^ 018 SS»Ci 
. £8 Si Dl Oil AH, g KSOII Cfe &331ILIE XH^b, », fflais Sal/SEfe i¥ii SSShte 28 H-fUHH S»8HM, tfS, A^ EEb H 

oi^£j a&soie a^iao. tussie ?aioiis/d, 11^01^2^1(12)^ ^s^ilih-^ oi8 sssoiem, XH^b bl±. IHIIO^ 

, *Jais, bl^l, UH, », M^s, §J 0F£(b^ u *!6MI, SlFbl^, #Sf^l = D^, EEb ««e!»3||3[ttte)oS ^og^^ £j 

^SH, 3 £5 Wife 015H I 31 II 31 g^StdhBSISKHI. 8, g, 0^ EEfe 0|g2| S»)0| SSSCK tt33||L|=-3^ 018 giiS 
Ml. ^3^|L|E£f SS8hte ^1¥EH2| £^ JIEf OIDI S*5I2 SXPI^SOII 2|§H 4= 5UO. 

£1A£f EE1BS S^afS, dlB3» ^ all Oil Oil SiOUH, IQ^OI SSE»I(1 2)te ^»»dl ^S("As 2 S 3 -Ag")S SSfim. 8^ 500 LhinQilElfi 

□ ^8 II^°J 8HJBfj» As 2 S 3 §i ^ Ah ohOI As 2 S 3 SEEJ^CL 80i S«B CH, Ol g§§ HflS, OIL-HIT ^ Dl 0| l(AgAsS 2 
)2Jt »a[SJS|HS ~Ah8HQ °J§@ b|^§ M^oj £fS £Hm2J SEH^ &CL fcttBSISMI, 81 &33IUH SSOil §£|8f01 Sl^J fJ- 
3^1 LIE S01I ^JH SS&CK PMCdOPi- SS^a H^0|S£ffll(12) 2iO| ^§6fb 20| ^^6hX|°K 0| a PMC(10)2J ^gOife OH 

£1A£F £1BS S^ofS, 2^(13,14)8 H^OISEaid 2)2| H^OII AH^ ^MB\ mm%0\ bh^^lo^l ^£l(d1)^ =4^ Dl 

B^oiiAH 4^^£i ^ Dia^Hi s^i^ a^sfa. 2^(i3,i4)oiife n^oi 8£xii(i 2)oii ah ^^oi8 m m^n\ oi^ai^ ^ sife &D\sm m& 

2^(13,14)011 £j:>hAi5M£, E!!H£FO| e (1 s)D\ 2^(13:^ M^)^^¥Ei ^S8hffl, 0| 2^8 2^1°J M^Oli EHH^OI^ 

(15)1= ^8 ^¥ 2^13011 SI-6H e}MCH2 e^(13) flOII H^g^(OH, &0IS)°S¥9 S20II 2JoH EOH5|0|M(15) 

^ 2^oissaid2)2i set Phsaai ^012^(14)011 01* tm^^xi sssiEf s ^ 9111, oisw aoi ii^sin 2:>isi^ 

aieh^o^ > 2Sii ^B6f>iu gf=d4)°i si-cHi e^i^ei ^2 &0He# ^xiai^ah 0122101^(15)^ ^^(14)011 E^a^i 2011 &ih^oi^( 

15)2J ^§0| §JI6F£^ m ^ @iHdf0l^(15)PF 0\m 2^(14)011 S^£JII ^, 2^(13,14)2] 2^M 2j^hohHSMi gOI6h 

^l 3 ^Si g^^l oh^L^ ^SJAI^ 4- 2ACK 

@iH£f0|M(15)2] ^0|£J PMCdO)^ X-iS" ^ g^Oil Sil OI^ICK Oj^ ^sf^ e^H ^I^OII SXI9 ZJ- B & U^^M AhgofOI goim 

4^ @!H£F0|e(i5)oj a ifi^ 330I bl«aaO|E|fe 20IQ. ^, E0H^O|M(15)^ S = 3,1 4)^^^EH 

E^m MJimszm m n ^ehs ncn^ aoi- ^\ sck 

£1A^ 21BS S^a^, H^0\g±X\\tt2)Dl As 2 S 3 -AgOj b^Sj^ ^XliOjlOll 2ACHAH, &=(14)0| H§2J 8§ SE^ 8-^¥0!fe OI^SHF 

81 S&e^CK OI^Mi ^^(14)01 ^32^2^ ttjj, HHF^ EOH^OIM ^^01 ^CH^o^ 2^IS01l/d ^ h ^6F£^ 

13)8 2i 8S, i^OlHi, OieS^^ ^ 4, o A - Q( m ¥ zp^ojj 01 qi^- ohSQi-oi b^3"s[ XH^OIQ. 2^(13,14)01 

81 5^6fb 3^(011, ^4^ 8 EE^ ^^OIs-8 Oie#), 01HEIOI ^(1 5)te 22I2| □ h 0 1 LH ^ ^Oil 2^2^¥Ei ^SehCK 2^1 

CH^ 019^6^, 01221 EOHBFOIM^ goH ^ ^£16^01 AH^§ SIHEI-OIM^^ 2^^^¥Ei ^S^EK <M^1^E^ ( g^(13)0| S^OI^tM 
Sfollt o^(U)0l ^4- 801 U 8-S^OIs 0\mmm H&a^ g?, 9UHEf0|^(15)^ M=K13)o^¥E1°J- 510ICK 2&^^S Si 

□ ^ EHHe}0|^(15)^ M^(13) ^SJ6hX|°i, «]-CH 2^(14)H^¥Ei @]HEfO|M2| S§8 S^CHUXI StTiLt ™m 50IEK ^^(14 
) EE^ §^(13)a ^^(14) &¥OIh EE^ EE Lf§ blgoH ^^(OU, S)M SSofS, @!HEhO| e(1 5)2J ^§8 l^I^I £JH 
^8 £1^^ 2^1 2 ¥8^1 

SE1A2F £1BM S^5fS, &!SEhOI M(1 5)2J g§^£b eJ^^^Hf AIZI2J &4-0IQ. H2^8 ^CH^°^ ^S, H2^ 

8 QH¥ ^Sl ^^AIZJEK ?|o^3 ¥^2J 4- D|3^2J =)Oil 2iCH AH, 0.511 LH XI 1 .Oil S^2| 2^8 10" 3 m/ 

s e £S^ES ^Hl^ &^2] SIH^OH H£6HI°h 10M1M ^Hfofe 2^8 &^2| SlHEhOI MOPI SCfb 2^(13,14) Ah 

Ol Oil 90H^OI^(15)2J "A|^"S 4^ 2^EK 

£1A2h £1BM 9S»B, SSJOIDIH EE^ lnS^(novolac)2f ^8 Sttfl 3U(£AI£JX| H^0|8£x1l(12)2f 2^(13,14) ¥l 

Oil bHxIohH^Mi, 0jEEfO|^(15)2J ^§1 5jg5^AHE ^ ^ I L_h MEI^ ^^°^¥EH PMC(10)M S^ohEE^ ^ 4= SICK 

£22h £31 S£Sh£, PMC01I AH2J HS3f AIZI ^ g^Hf A| a AhO|2J ^J\\m ^ ^OI^H 91C[. 0\M ^^1 5H Ahg& PMC^ ^CH 

e 2^BF 2^ AhOPI- ^ 12QIBS)^EK 3g0ll£ i^Sfi, Oil gUf^ PMC2J ^«_^oj 2^1^ ^^2| JW^m XilS 

5f2 511 a. 

^81, EE2» ^3E8^, ^<^(32)8 PMC2j AF0I2J ^^j|M U-Elt*! 5101 Ef. PMC2| 2^011 ^2J2J 2^1 2!^S^| 2 Oil, PMC2| Xi 

&8 ^ k 2.65DOM0IEK 0.72J ^8 SB bfOICH^S S^2j 0.5^ 2^ Oil ffl^HJ [LH, PMC2] 2^0il2J Saffl^l- Al^Oil 

ofe SOI^H SIEK OIIS ICH 2^ei^l- 4.5^ 01^21 Xim&S ^ 550Kohm Oil AH ^ 2.101I3M ^^£IH SlEh Xi&2^2| e ^ 

sf^ MEF ^j8 PMC SflU S 2^01 AtEW IH BaSCi. 

£3M l^ofS, ^<y(42)8 PMC g^2| AlZhOil CH°h ^^IM MOI^Q-. 0.7 Ml bhO|Oi^2] ° k 0.5^ 2i^ L 0il SiCHAH, PMC Sx| Oil □§!■ 
8 ^ 0.45 ni3HH5d(pF)0|EL 0.7M1S SJ^2| 0.5^ 2^ Oil 2l^hg IH, PMC2J g^8 4.5^ ^Oil ^ 0.9 n|3HH51°l il^il 

°[EK g^T2J g^fe Ahg^ PMCSxPI- 5[H SJ^hS 2^01 14^ EH ^ 3H2Q. 
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24A2)- 24Bfi'& k £ohS, B Bf82| Df§ ?»|0||OII Q>g ^^gSI PMC(20)0I 2A|£10i aid-. 21A2I- 21B2I 4^ 3 XH£3h MP g 

0|8h3 Bt@ XII £ dig 01 CH 3£ eAlCHI, 01 4>^£S B£! gSj^et 0|§1 24A^ ^3¥£ PMC(20)2J @£20I3, £ 

4Bfe 24A2| 2-22011 CLh^ PMC(20)2j BBEOICK 

24A2h 24BM &5of^, 2^(23: 0j|, 2^(24: OIL &^)S S»» SSCHI AH ^ 0|^£|0i flXieO. 3^01 £2X11 (22)fe ¥ 2^(23,2 

4)2] Ah 01 Oil UHxia^U W9IS 2iO. g^(23)0li SgfOI Bl^H ffl, 0!2dfOI M(25)h: B=}(23)£S¥EI 3^01 £231(22)21 521 HJ54- 
(24) d^S!& ^fllOIIOII £101 AH, X|X|3IEh(21)0l 2^(24 SEfe 23)CHI 2JSSh01 flISEIOi PMC(20)M X|X|oh3 BCK 



II . 0122hO|2 Oil 2 21 

93i^ bh2f aoi, PMCb oi a 3h*i2j 31^011 4= 21201, 01 a ^gi^J sm^f aiaa saoid. 

25A2h 25BS S2S8m. OIIAI^oj DH2EIM, P 3^? 0!22hOI^ Oil 2 El ("MDM") *J(50)0| 4=^ 4^ =?&°^ 2AI3CH 2iCK 25A^=r MD 
M(50)2| S220I3 25B^ 25A2J 5-52011 MDM(50)2| BS20IEh. 

2A|£ 7SI0I0IIAI. MDM(50)£ CHI S Bl ^ E{= S»2| MEI^ J|Jia£/H XII S@ 3IB(51)B 5S6U 21 CK 31^(51)01 diaSfllOI^U 2fe 
MDM(50)0II Af§3 XH£2h bl8^*j2J 3?, 3|&(51)2^¥EH MDM(50)2| i^£¥^M 3£IAPPI ?i0H 3IEK5D0II 1 2xil (56) M HH*IK ^ 
oiQ. DM Oil 3^0ISS«I(52)S ^i&(51 )CHI gg&CKaEx!P> AhgSJfe 3¥0II^ ^£S(56)0ll iS&Cf). 3^0122x11(52)^ a(50)0|| 21 
4= flte Oiieai^ SEfc S»£¥E|2| ^BIM aiasi AH @ All! 4^ 21 Eh. 

3^0122x11(52)2] x|^(0il, SOI, ^ §J ^JHDfe ¥^2^ MDM(50)2| 23|*{ aSffC*. OIIS MCH. 3^r0| 22 fll (52) D[ «H 

Eh S 30IB 3hX|£, MDM(50)2| Xm&2 3^0l22xll(52)3h ¥SH 3 IJOISEh = 01 e HH^J HS2tSQ- 3311 1 3S0IP. 

25A2h 2B» ^o[9, 2^ XH^S 2x11(52) 9011 S^ICKa. 2^(53: Oil. 8^) 91 2^(54: Ml, gf^)B 8fl8>£4 *!§!SI BI@A|8!CK BB 
01 M^(53)2I gf = (54)0ll 2! 3*8 OH. 0!22hO|^(55)fe g^(53)£^EH H^0|S£XII(52)S| 52i tadh 3^(54) flSSfa. 2^(53 

,54)£j xi4>^ s xi (50)°i mgo\\ m 2101a. 011* moi, 2^(53)01 e>iu seie^ o,o S> 2^(53) ^¥i°j a^i 

&0I 3^1 £112 £12^01^(55)21 ^S0| mm 30ia. 2^(53)01 ^^012, 3^(53)21 2^19^ AhQ^o^ x^j 33 2^(53)2 

^¥Ei2J EH2EhOI^(55)2J SSMOI 5101 Cf. 

25A2h 2BS &£6fE. P-sOil 12#(59)e Sxl(50)0|| S^^Q. 01 m^B(59)^ ^^01 U 2S2^¥EH MDM(50)2| 

g^e MsthCK aeoii m(35)m m^m(s9)o\\ ™mn\ m&mo\ ^ 2^(53,45)^- 2^1^12^ ^^a^ s§(57,58)s ^ ?i^m m 

25A2f 2B» &6H 21^0^21 XI^X^S 0I5IB0I ^ 2^ ^SMDM §X|2J ^^3f ^P^^gOl OfUEffe 51 M 2i^^ ^ 

oi^ >}0|CK OIIS MCH, MDM(50)0|| CH£>^£] ^^2^ AH ^|EK51) ^Oil 2^(53, 54)M m&olH 0\M CHI H^0| S£fll(52)S 

^^Sfe >1M 58» 4^ SID. Oie ^^Oll VLO\M 0!2dFO|^(55)^ 5|»(51)a 12^01^2^1(52) AhO|2| 3I£§ 0>aF 20ICF. 

25CM S5»B, 01 31 Oil 2AIQ Sxl^ 25A2F 25B2J D||2BI^, m EH2df0|^ U\\^\M^ ^MshXI^, Ol^lOllfe ^3^2j S^OI XI! g 
301 HQ, ^61, 25CS MDM^(250)g 2^0IS£ai(252)« X|X|oF^ aaa/3IB¥(251)« SBBD. £5A2f 25B0II 2A|@ 

£2| S¥2I OFtPfXIS, 12^01^2^1(252)^ Cff 2JS m 2^ &X|^¥E|2| ^dlS XilgoPI ^16^01 ^^S| 2H&A|^ ^ SACK CI g Oil 2^ 
XH^M e^2^AH D\^o[^ 2^(253)^ gf=2SA| ^§6^ S^(254)M M£o[^m §J nneA|?JCf. 2^01 M^(253)^ §,^(254)011 

ei^a n, 0122101^(255)^, 250011 2Aie »a ^01, n^ois£ai(252)2i s^i ©a 2^(254) ^2^ ^s^a. 25A21 25B21 uh^ 

31 0J&3HIS. e^(253)5f ^^(254)^ S^6h2^ SS(257 ( 258)e Xllg^Cf. 

^^^ohOI, 25C0II 2AI@ bF2f 1*01, ¥ 2J ^3^^(260,262)^ ^^|2| S§ (264,266)011 XilS^Cf. ^^^2^ B RT92I 01 a ^SOII ©a 
. 25C0il^ bl^ ¥ 2^(260,262)01 2¥ ^IHoHISf, ¥ 2^(260,262) S¥ CH 2 ohUM XII 4-2 510 ILK 

B ^^1 Oil Oil life 2^(260 ^/2fe 262)g 012^01^(255)21- SSOil XI! g £112, 25C0II 2AIS XH^(270)01I 2J6H ^EISCH 2i2 

d, XH^(270fe ^SXH^ 2^ XHSXHS e 0i2 ofUl AhStt 4^ ^2XH^2| 3¥0II. £5C0|| 2A|@ Sxl^ 2^(253,254) AJOIt B 

S. 2^(253)^ 2^(260) AhOI , 2^(253)Hf 2^(262) AhOI. » 2^(260)3f 2^(262) AhOI CHI H^Zl^ 3^§l UEftHQ. 01 a 2^ 

AF0I2I 3^§[ 0!2aFOI^(255) SS"2J 3^1 Oil 2J6H H^H^^CK 

XH^(270)3h XHSJHSe! «EH2| §?, 012^01^ S§2J 331011 OBf/rf □^Sfe H^3^ 3^eh Xi^g UEFUiO. ^51, 2^3^ 3^s[ XH 
2^(253,254) A^OIfe i§, 2^(253)3f 2^(260) MOI, 2^(253)^ 2^(262) AhOI, K 2^(260)^ 2^(262) AI-OIOII SUBCf. SS 
«»2| 33|fe 2^(253,254) AhOI CHI ^98 0i2E|OIM2| a 01 Oil CCfM 20ICK 

25C01I 2AIQ Sxl^ ¥ 2^^e ^Pbish 25A2h 25B2| 9x1 Oil tiloKM 01 aH 3hXI OlSg Xilge^EK ^o|, 0122101 ^2j ^0|2I 01 Oil U}B S 
XI 2| Xm h 2J ^1} giOl 2^(253,254) 2J2J QfB ^1^^2J 2^ AhOI CHI DC bhOICH^ 2^^ 91J[m 4 s SIQ. 0I51S 011221 

CH fill 01 U 31 Ef LIE 2XhSJ^ ^§0il 0| 9xlM AhgSh^ 51011 CHShOt 2JDIS 3h2CK 012]- g^el ^2^31 OISOI U| 3H2| 2^01 Ohfcd 

Ail 3H2J 2^e 3h2 9 XI Oil 2 ^§9Cf. 0122-hOIM SSS 2^(253,254) AhOI CHI AH ^^6h2^ Xj|*h£|3, CH 21 Ch^ AhOI Oil AH 2 UiS 

8hX| &bCh. llhEhAi ¥ 2^(253,254)^ 9x|2J mm 2^21 Ch^ S^H ^b|°[ 9x|2J 2^3^ 3h^2[ 310IQ. 

25DM S^6hS, 01 9xlfe 25C2J 9x1 Oil &Mzl &22S 2AI3CH 2iX|°K ^3h 2^0|Lh 2^M0| 0122hOIM2h SSOI OhH 0122h 
0IM2I g£ ^0|| XilSSJOi 510|Eh. 25D0II 2AI9 bh2h ^0|, MDM^(350)S 3^01 S EMI (352) S X|.X|oh^ aeHI/3l»¥(351 )B SS" 
oh3 2iEh. 25A, 25B ^ 25C0II 2A|Q ^£2J §^21 Dh^h3hXI^, 3^01 SEfl|(352)B Ehg2J 21§!l ^ 2^ 9x|^¥Ei2j ^ El M Xllgoh 
31 ^lohOI ^^51 EH & A| Eh. Eh^OII 2^ XH^M ^^2^A| 3|^ohfe 2^(353)^ S^SSAl 9S5h^ 2^(354)^ H£Sh2l| 8^1 « HH 
^AlElEh. 2^01 e^(353)3h 8,^(354)011 2J3hl COi, 01 2Eh0| 2(355)^, 3^0122^1(352)2] HSi CLhEh 2^(354) ^9^Eh. M 

^(353)31 ^^(354)M S^oh2^ S9(357,358)M XllgshQ. ^3h6hOj, ohU 2^ ¥^H2] ^3h2^M Xj|g^ 4- £13, 21 2^ § 6h 
U2| 2^(360)2 25D0il 2AI& bh2h ^01 012EhO| M(355) §S2| ^gsh 9«0i| 2i3, (364)1 ^bloh3 ^Eh. 
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S ^=PXTI Oil CHI OB ^Jh3 2J 2^ EEfe 2^M(360)g, £5D01I £AI9 dh£h I*0| IHS(370)0|| 2J8H ^dlAI^ICtf, 01 XH^iz: ^2Xfj^ SE^ 

5 S CH^ »UH ^ 2AC}. ^2XH^2I 3*. £5D0il £A|@ 2^(353,354) AhOI g^, 2^(353)Hh 2^(360) AhOI, SEAI9 2^(36 
0)^ ^XWm 3^ 3^0|££X-1I OhdH^J EhB 2^(362:£A|S]X| &g) AhOI , £ S^(360)if 2^(354) A|-0| CHI H^3^ J\^m SSS SSSCh 

01 E4 2^ AhO|2] Jh^ ggfg SlH^0|e( 355 )o| g§ oj a ^ 101 | ojg H H^H^QCh. 

XHS(370):>h 3*? Oil 2lO\M, 0! SiHafOI^ £§2) §£011 WtEi CH§5h^ Jh^&i- xi»m UEhfcdCh. »8I, 

H^3^ ush^ 2^(353,354) AhOI ^ Bfi, 2^(353)111 2^(360) AhOI , S^(353)3h B^(362:Sffltt 3*) AhOI, ^ S = (360)j2h 

2^(362: ^l\\m 3^) AhOI Oil 3h*ff g^M S2iCh. X|»2| 3^1^ 2^(353,354)2] AhOI Oil g&S Ell^dhOIMHJ 2JOI0II HhM 5101 

a. 

£5C2h Ohah^hXI^ £5D2| SM£, ¥ 2^2S ^blff £5A2h £5B2j SX|0|| dlohOI OISM XllS&Ch. ^81, Ei!HE.hOIM2J 1J0I2J- 01 Oil 
OB S*|2| §§ ^!/SE±=r XHE h HJ 2th SIOI 2^(353,354) 2J2J OB ^§2] 2^ SS AhOI Oil DC dhOIOj^ 2^M 21 ^H" 4* SICh. 015!^ 
CHISdl CHaiOILh 2|Eh QB 2XhU^ ^gOil 01 SxIS AhgShfe 51011 016101 gfl» 2]D|« Jh2Eh. 0|2h §H» gfi^IOh 01 S 01 Ul DW°\ 2^ 
§ JhXI^r S« SB* OhLiah Ail DW9\ 2^S ^h2 SXIOIIE 5!§9Q. EOHdhOlM 2^(353,354) AhOI Oil M ¥^o\^m XH&9H OiS Eh 

B 2^M AhOI Oil AH £ B«ohX| QfeCh. IhZUH ¥ 2^(353,354)^ §x|2j B^21 OB 2^B« =?ti\& S»£| H^ZL^ 3h^e &^2i 
5±0|Ch. 

£5EM S k 3Sah2, £5D2h Ah oh XI 2 ^Jh2| 2^ EE^r 2^01 EUHdhOl^oj ae 0 ^oj g^Oil XllgSjCH 910. £5E2j MDM^(450)^ H 
^0I^£X-||(452)« XlXloh^ aaai/^ie¥(451)« SS»2 2^Ch. 0|2°J ?ai«|2| S¥2h Oh^^hXI^, H^0|S£XII(452)S Ch^SJ oigsh 
^ SE^ §xlS¥9 ^£.l« Xll^ah^l ?IShO| ^mB\ HHeAI^JCh. ChMOil 2^XH^^ M^^^AH J|^6h^ 2^(453)Bh Q^^M ^gShfe 2 
^(454)M §^6h£^ 8S| H EHeAI^JCh. 2^01 M^(453)5h 8^^(454)011 ei^h^ HH. £!H£h0|^(455fe, 2^0ISfiE3ai(452)S| SSi IThdh 
2^(454) ^9.^ g^mO. SS(457,458)e g^(453)Hh 2>^<454)M S^Sh^l oH Xll^^Ch. ^hohOI, ohU 5Eb ^JWSH 2^ 
g Xilg^- 4^ oiH, 3f m 6hLh(460)b, £5E0il £AI9 bh2| ^01, &]HEh0lM(455) 6h¥0|| ?10. 

2^(460)0ii mm 2^l^ieJ S^^. SSEOII ^^oI SAISOi 2iXI^ 8tX|°h ^IEK451)Hh ^^X-II{456)M ^6h^ ^BIS OlOhMM M 

ShX U, SE*= yCH ^l^o^^Ei 2^(460) 0}^^ ^2 SE^ ^E|9 dSOhS, ^ ^2 XHS SE^ XiE h XHS^ ^SM ^ 91^ ¥^(4 

70)m mom, goH ^l# ^0^2J SX|@ ^I^Oil ^ShOI ^lol 0|¥CH^ ^ 910. 

°2XH^ei §?, £5E0il EEAIQ 2^(453,454) AhOI ^ SC. 2^(453)Hh 2^(460) AhOI, 2^(460)2h 3^0|g£^l a¥3- 

Che 2^(462: X1IS3 3?, SAISXI S§) AhOI, » 2^(460)ih 2^(454) AhOI Oil H^3^ ^h^&h 8BS ^eiCh. 01 £H 2^ Ah0|2] 
g ^h^& §^8 01HEhO|e(455)oj g £01 | o|8|| H^Zli^Ch. 

¥^(470)°i xH^^h hsxhssj s^oii &ouh, oi gxife Bi^BhoiM ^&£j §£oii cthdhAH □goh^ H^n^ Jt^m xmm UEiych. mB\, 

^^nm Xim^ 2^(453,454) AhOI MB, 2^(453)Hh 2^(460) AhOI, 2^(453)5h 2^(462: ^XH& 3?) AhOI, ^ 2^(460)Hh 

2^(462: ^IWm 3?) AhOI CHI ^h^eh g^0| ^XH^Ch. HJI^ 2^(453,454)2] AhOI Oil 0J£dhO|^£J ^01 Oil Ifg 51 

01 Eh. 

£5C ^ £5D£h ^01 £5E0il £A|@ §x|£, ¥ 2^°iM ^blfh £5A2h £5B2| SxlOil UlohOI OISM XilS^Eh. ^61, 9H3£hOI^2J ^ 
01 £h 01 Oil OB QX\2\ ^/EE^ Xi^H| Slh S10| 2^(453,454) 21°| OB ^^M^j 2^ ^ij" AhOI Oil DC UhOICH^ 2^S ei^h^ 4^ 2i 
Q. 0151^ DilSBI Oi^lOILh ^IEh Q§ 2Xhll^ ^gOil 01 §X|M AhgBh^ 51011 EHBhOi 2JDIS ^h2Ch. OI£h sS^Hh 01 SOI 

Lil.^HHI 2^§ Ah§6hb Sxl^ei OhU dh Ail ^H°l 2^M ^h2 SxlOilS ^g^Ch. SiHE-hOlM S§8 2^(453,454) AhOI Oil AH ^^6h£^ Xj| 
oF£J2 CHE! EhS 2^M AhOI Oil AH £ ^^5hX| &^Eh. HhE-hAH ¥ 2^(453, 454)g §x|5| B^2J Ch^ S^K ^b|°h §X|2j H^3^ 
^h^Ei- B^ h 2J 5101 Eh. 

£6A£h £6BM ^S5h2, 4-^°^ OlIAI^o] MDM(60)^h £A|9CH 2iEh. £6Afe MDM(60)°J §3£0I3, £6B^ 6-62011 dh^ EE 6 A 

£6A2h £6BS S^ohS, MDM(60)^ DilSEI^ EE^ SxlOII MEI^I XIXIM X||g6h^ ^ISh(61)S S&5hW, 3? MDM(60)2J 

¥^o^ ¥E) }|EK6im ^^Sh^l ^leh ^ 2 XII (68) S S^S" ^ 

£6A2h £6BS &S6hS3, 2^(63)M 1^X11(68)011 ^lOil S^thEh. Eh M Oil 2^(63)2] ^¥ ^lOil §2#(66)M ^ HHSAI^AH gXIB ^1 

0l§6h01 d|0hS(69)e g^Al^iEh. til0hS(69)g MDM(60)2J S£S<*Ctfl CH*h oh?§2^ ^g^Eh. EhMCHI, 3^0|S5Ex||<62)g S^2| 
^l^g AhgohOI dl0h^(69) LH CHI S^A|3|H^Mi, M(69)2| ^¥^¥E-| 0h£H2J 2^(63)2^ 2&AI3ICH, 01^1 Oil AH 2^1^21 £S0I 0I¥012 
Eh. Eh MOIL &iE£h0|^2| ^oHohXI §2 XH^Sh d|0h^(67)M Ah g oh 01 dl0hS(69)2J S2£|XI §26h° 

mm SSoh3 M(69)2J §22^ 215h01 # XH^^h ^^£Jfe 31s gJXI^Ch. 

£6A2h EE6BM S^ShS, Eh M Oil 2^(64)g S^Bhffl, 0| 2^(64)2J ^CH£ Sz'¥^M 3^01 S£X1l(62)2h 2^I^H^ S^oh£^ ^Eh. dh^ 
^6h^il 2^(64)^ 2^(63)011 2J6H ^ ^ 0]| iiei ^3 ^Oil g^elEh. 12X11(68)011 2|oH 2^(64)01 2^(63)]lh 2^1 

5J2S g^Shb 51M ^Xl^Ch. 2^e 2^(63,64)011 ojoh^ EH, 90 ^£h0l M(65)fe d|0hS(69)2| LH¥M dh^h 3^01 ^£X1I(62)2J 32011 4* 
512^ SSoh3, 2!EdhO|^(65){= m^(0U, 2^ 63)^^¥Ei g>^(0||, 2^ 64) ^OiZIEh. 

£6A2h £6BS S^6h2, MDM(60)2| £5A2h £5B2J ^m^£2\ MDM MEh ^&o| §™MohW, HhEhAi SEh M 

DM ^XhM Xi|5|^ 4= Zltz 51Hh aOI "3^£" =?gm HSia ^ ^Eh. OIIS eCH, ^^ISOII S>101AH^ 3^0|g£X1IM ^EHS Chf2S 

HQiohfe ^^Hh i^ii ^ISahOI Hgggi DH¥ e^hAI^ ^ Si Eh. 25Mb/cm 2 M ^Hh§h^ XH&^EE^h B^2| ^^^P^OIIAH ^h^6h3, 01 
o^_s^_ot^o| bH S CHI 2|6H dhi^h^ 5101 Eh. OJ bH S CHI £10UH, EH HS^Efe SI EI3EH U^2| AhOI^2h ^fj-^Oil 2J6H XII ^ 
m ^ 910. 3d-iLh, MDM2| X] §" ^^0| S^Sj^OII 5ij£J2, MDM ^Xh^h Oj£j ^£1^ ^SZIEE AhgShXI ^^1 EH ^ Oil, 2X11 &EHIS 
01 SH^, ^X| g=^l, ^ EilOIE-i ^ai tj^Oil 2^^^ Ahg^ 4^ 2iEh. 0151^ 4^ Gb/cm 2 2J Xi^^SM OIM 4^ 2i£^ SHP 51 01 Eh. 01 

6 £>^o^ Ahg^ EH, ^^^o^ M DM^ ^^ohfe ^dl^ S^U^ 21^ Oil ^^2h ^I^M ¥^h6hfe ¥^h^l ^I^OIEh. 
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£52f '£62] OIIAI^oj MDM£ S^SJ 3IS2I DhOI B^gJ S»§gM £S¥EJ£| HJ 01 91^ 6\L[2\ 01 1^0 1 Eh HIOISj»§SfOI £'011 

S8S0I SIXi MDMHJ a*SOII i^El^g USSHI StP. SE§h MDMSj Sfll HI5SSS DJ¥^°J ^IS^ei ^£xl| «|2§g ^liSQ 

flfi! MDMSI b|/MXI XH^ blgHf Hl£330|| D}2}, MDMg Lf§ 01ISEI 9X1 S MQ U£! SISB:^ J^g OilSEI SM 

m xiis&p. 

1. PROM §y BEISS(Anti-Fuse) 3g 

£52* £61 &55f2, MDM(50)Uf MDM(60)1 PROM § DilSEI Sxl^Aj Olgtt 4^ SIP. CH¥g2| £j3°J PROMl£ HSUBIShte §^ 3 

cm xi xu n^afc g3i M§af2 sip. ae g3;f schxi^, oim ciai ete 4> aa. s wsa mdmb iBacfb 2«ia 

EJHte »I3»D. fiD ^2£UI- JfSSSS HISSES MP HtB5|»D. 01 ■ mO\, SSS SH(^. B!EBK)|E)3|. ohs 

Oj 112, 01 §13^ ^SSf DtSPHIS ^ SIP. SESh, MDMSI £!£P01^ ^BS AF0I1SJ 2i 4^ SIP. 

wt&M p^si xw^nm Ahoieoi j\^o\q. 

SE&, ^ BSSj MDMS H^3^ 3hfee* ^| Oj 3101 ("PLA") Oil A[§I 4- SAP. PLAOil S^CHAH, 3)1 01 M SE^r » ted|4i»2| M^OI 

SaHXIB 21£IX| SJifrP. 01 gj »g ^i^oj ^s(oj| g 3ESB 4^ 2J£^I »te 3S)§ 3 & oh 31 BSD. Si 

^o^, oi an *eei±xi- afoihj sie ess his ai^oiiah b»ois!0. nau. e aasi mdm^ ^ sjhe^oi^ usi moisj 2 

35! ail *PI^£^ f?§ofe 5101 #CH3£^ goiS^I CEHSOII. 01 S PLA &X]Dt 6h£i= 6H=: 3S0IP. 

i§[ BEISSte R£M\±-^5: a 82} Aibl^ g HI Oil CHSS^I ^oH CN^SI 3|^0| A}g£|£r S^U^OilAH ^29Ck Oil B M01, 64Mbite DR 

AMUf as *ta», nas mxiis Afgsj^ 5! aa &g misapj soil g a slp. u^i ^ ^1^01 h^ahi^ eoii ^ei^u m 
oil 2§us, w^2) cHle^p^ sj<yH^ slhjuh a^s^i so. oia h^aii^^ misai a^si ^ioi^oii 216H Hioian y\ 

^^oi XP|X|&^ a^l^joj IH^^M flelCK ^ CHI D}§ MDM^ 01 £1 DilSdl gj Oil e^Al^Aj ^S°l ELH HSJ LH^Oil AH^^ 211 ^ 
o| §^5h£^ IT ^ 2iCK 

g ^SOll DJBI-, SiHE|0IM2J ^§1 ^2o[£^ MDM^I 2^ Oil gJ§®[ EE^ bhOIOI^S Si^hohOI, PROM bH^ MDM("MDM-PROM")0il 
QI0IE1M ^(^^ 4- 91Q. 0iHE|O|^^ gT^Oil^J SifOI S]g£]CH/H o|EI^^ 211 g^^EK Olid DilSdl 

SI 2¥I ESfAI^JCk MDM-PROM DilSEI^^ SlHEfOI^ 211 mm ™£ SIH^OI^M ^^A|3|X| SJS ^ 

^ m^Mdi §016^1 "e^" ^ 4- &CL MDM-PROM^I ^>i^ 50EEfO|M« geH g e^fA|9i SiEEfOIMS ^216^ 2H 

l^ofE^ i,^^Mi OI^CHSEK MDM2J AhOI Oil Oj26| g^th ^^0|^ XH^^h ^0^ 2iEh2, 01^ Oil AH^g @!H£F0|MS 

61 &SAI1J ^ 2iCK 

MDM-PROMOil SiCHAH, SiS^OI^^ 219 ¥ 2^ AhO|£j SSf^, MDM ^Oil M^XI^Ej^^ ^Q6^X| &1 §EE^ BEK 0I21S 4* 

E £^ 4^^l CHEz ^ MDMM Ahgof^^fOII ^^ISiOl A^OIP. ^^|2J ^^Oil SiOjAH, Oil 2 El ±X\2\ &^/H^OI^£x||/ 

^16^^ ?5 D J^ &4-0ICK ^|6h*^ ^i^fe g ^goj oilSEIM 5lQle[ ^^^^ 2^1^ XHS4-&o^ o|g^ 4^ 2i>il o[\M, ^I^^XF 
£J ¥^0|| ^^IXI^EHM mo.^ ot±= M^H >il 01 ^(floating gate) EE^ ^^2^ OilSEIM SEf I^^ofDf. EE^, ¥ » 4^^ MDM 
zp^^ *J§j*jo^ £ = oi ^i^i^o^ o|§^ ^I5h XH^ ?IOil 4 s °iEK ¥^^2 U^M ¥|6H ^EI^M eiaS, MDM^ 

.^Eie 3I&0II ZfBol 8S» 4^ °iEK 

2. EEPROM 

£52f £6S S^ohS, X^m EE^ g^Ilf £Oi^£J H^Dil EH Oil AH dl^j^S ^^6hI2 XllOjo^ 5! Oil ^ iTSOII IfB M 

DMS Sg^ei EEPROM £^ FLASH ^l#M &EI Olgofe S^^ ^gOil M^W ^ oH^EK ^XH°J EEPROM °^ FLASH Oil£EIM s^l- 

6^ s arson sim m^&t; oisoiit. qb aaas 01 eh ^^xi ggoii sois^i ^mm ^ sa& m^^i^e Ajs&cife s^vt ^ 

a6.miS0l S»§a MDM^ ±U[^. 31^ §J 2Xh SAIIfiSf SOI fJx^o] ^^01 blgOil ^gOil ^61 ^§6hD. MEI^^I ^hHOil 

OilSEIS g^ofe DIE &}£xll Oil 2 El OilAi^ Mlt^olB^ 0\W ^gOil °iCHAH &£Te> OlgOIQ. 

UOPK S a9 Si MDM § XI Oil HI- 21 Ai , Oil£EI riiXfe 4^£J DIB^ SCf B^l^ Bt 4= SiSffl, &x|SJ 10I3B SEh ^>il ^ 

4^ SiEK 01^^ ^2|S| g-xISf B2Sj 4 h ^210l 4-4i QBE! XhXI 6^ 21^2 D\=tO\\ tt\o\& 0IS0IEK 

s ^ssi a§ ? mi oil oil njHi, eh^ m^xi^e^i- dram m ^fxi^ eeprom sxim xnt^o^i ?i6hoi eeprom uh^ mdmcmdm-eep 

ROM")0il AFgSEK ^4^S| §xlM ^^Xl^ OjBilOIOilAH ^-^SJ B^Sj^M ^XIoPI 5\m<X. MDM Sxl SE^ EfOISH SE^ 

^^egHX|^Ei( H TFT")SJ XH^M ^E|g nH^ M^XI^Ei AFS» 4^ °iEK 

^ ^SOil CLI-Ef, MDMSJ S^Oil ^Sel EEfe b|-0|CH^M ei^fohOI EDHEfOI^SJ ^SS|-H£MI , MDM-EEPROMCHI Gil 01 EH M ^1^1 

m 4- SIP-. EOHEFOI^Sj SXISJ Xi^3l gif ^XhB ^SfA|3|Dj, 01 ¥ ^Sf^ gOloMI 4 s SIP. MDM-EEPROMCHI A] , 2^01 

ZlDim COi ^HEFOI^^F i,^0il EE^ofH g,^^ l^ofb 511 ^ XI 6^1 ^ oFCM g>^0|| SJS6h01 <^5f^^ i2ii HH x| W 

4- SIP. MDM-EEPROM^^ MDM SxlOil AC tl^M 21DmB^m i>^3f e^M SI SOI- b^go^MH) gOloF^I 4^ SIP. EO 

HE^OIMS "H^"A|3|X|oi &2SMI ^SA|3|>IU «SJA|3|X| 01^ AC AIH^, BXi ^EHSJ ^^OilAi g^HJ- X-|&S| POIU^i 

§1 ^IfM ^FXISP. MDM-EEPROM1 "XH^I^" EE^ (l ^>l"6h^ BX| SlHEfOI^ S§Sj ^Qi gJifo^ dhOIOH^ &<2im 

^jl|- ofe S^ehP. ohLfSj S^OI ^Olfel S&6H2 QB S^OI Si, v 6fe Hf^s! ^Pxll Oil Oil SICHAH, S!HE^0| 

&XI ?i¥0lfe S^o^¥Ei ^§6H2 ^^Olfe 2^ ^SJ^ 5j0IP. ^Sl^^ SOlUfe SB AH^g SiHEJ-OIM^I- ^ 2^°5¥Ei 

§^£1X1 Sf^P. 

MDM 4:Xhfe ^ESJ bl^j^S UPLH^I EDi^Oil, BEI^ @!HE[0I^SJ ?|x|(g3[S| XH^Hf g^)^ 2 ^9 S°iSJ 3^121 AIZISJ ^4^01 

^1 DM SOIL PS ^EH m n-^EH fe£l »S0| SEff ^^5[Cf. 01 gj X-|§ M\ fll Oil AH fe , 2 £ll^(^, bfOIUEl) 0|^S| am 01 ^^SJ XiS^Oll ^X| 
m ^ SIP. df El- AH , 2 3! XiS^S^ 3^1 g^h§[P. OIIM 10], H§(4^HSj @iH2|0|M ?ixl§ AfgohOI ^^S")^ AiS^ A|-0i 

SOII EH6H &$\ 2tlNSJ XiSm&m JlSsBU &P. CP- Ef AH , S &g0|| CLfEK MDM^ PXIga SPfe O^^B^l XiSm ^ SI 

P. 2§^°J DBS £1 ^I^Oil SICHAH OIS 2, k SJ XiS^ M^^6hX|^ BXIK ^B^|S£ 0]^P. 

3. 3Af SI 5jg 
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S tt38 OE'SXH^ ^Ot2| A[§§ OI^CH LHb Ql Sf£ JICHM &CK E^ B^P\m 2XF DilSaifc SohXHSSI Sldl Oil ¥12 SICK 

DRAM Oil 2iOUH, *johb 4= 0h0i3^£ §2J Oil H S£IH, EEPROMOil &CHAH Sohfe <4£ge> HSI 4> &CK 35HU, «»8P||£, Oil « MCH 
Ot^tf ^AFdHf HOI 01 §j 2Sh« SlfAlfJ 4 2lte OIEH ^X| STSSOI 2ACI. Oil S SOI, ^M9} ¥^2| ^gOil SiOUH, sm&iXFfer 2 11*1 2! 
B*E»I 9X1 ■ ^Slf CLH ttEfll SX|2| SohS egAPIfe S>SS tf3|}| SDK CHIS2.I Jl^Oil AH , OI2S OilEi2f Ell 01 El 

oE8[Qf. s^ t ^ «^g° &o\°\ XH§0|| 31^61- XI XHS2] gd|*j ^IfOil 2|^ofCH, XHSb &CH^E^ Sfr£ gMhdOII 2J6H 

Sgfg>XI OfUSCK bl-^PCH »8hH. S igg BJAKsSOII 2m CK 0I31S SS^I E{= Al^Sa- HE°!- Al^gj^S 0[L\ EJt ^A^ 
2f ^4 AI±H0II □moi g&tet OlSe 

4. 2JS2S AI^S 

S g*g2] E DfE ^M^, ojg^S A|^U("SNS")0ICK SNS SXIfe PJZ^2J yoj ^g0|| BUM S 510101, Q-g AIICH21 31^ S XHI OJ SflS 
OIISE! 5101 SNS §Xlb 3f§S| gJ¥^AH 4:XfM AfOIOII PJ^M E[Eb fe^OII SIS&CK #^21 SIS ^EK^, & 

g A|2f efl|8t= AI3ye 3Plte tEl) AI-OI Oil i^Sa. £^011 2le_h e A|^*j2j "MaiOiy (training)'^ 5£^d|2J HEHS SCK 3 
B-iU, 0IS Ef°J2J AI^SS 2§5jeJ ^£l^-OI^2j SXIS BgSPIfe ^61 CH^CK 

shS, £ U90II 0>s^ ( SNS Al^^g MDMH SS&CK £!EdhO|M2| §£!0| £S AI3y2j ^ XH Oil 2ISSPI MS Oil, QUEBjOl ^J|- S&OI 
2PFS 2^ ^§6[E^, £PI 2§g Sg^S kEI AhOI CHI i^^Q. SEff, 3312] 8S0II 2|oH XIHHSb 2^21 ^ 

e^ s^2j ^eoii 5ioi ck oi@ ohwsn 01122.1 m^f^ e ^ or 9 si gas* ^soilk 
111. H^n^ ^h^st- sx\ 

£7Hf £8M S^SFS, ^ ^gCHI life OIIAI^oi H^Zl^ X|g ^ g^( M PR/C") SXPI- £A|£]CH £7A£f £7B^ 4^^^ S 

xi5j bsesi eesoia. s=8a» ssb^ 21^ » ^s°i oe =p«i 011 011 die pr/c sag BaEom. 

£7A£I £7BS 1^513, OjlAl^oj PR/C gx\tfO)D\ 4S ^^^^ SEAISCH ^Cf. 27Afe PR/C(70)2J S2£0|H £7Bb £7A°J 5-5^011 

mm pr/c°j Besom, s ^moiioii s^ch ah, pr/c(70)^ pr/c s»«i mz\^ xixim pi&(7D# s&^a. ^ieK71)oi uiaaxnoi 

>iU PR/C(70)0j| AI-SS XH^2f blS^^o] ^2^|(76)M ^1^(71)011 UH XI 6^01 D\B(7^9.^B PR/C(70)^ m£¥^m ^£IAI^ 4 

2iQ. QhMCHI H^0|^£X-||(72)S PI&(71)0II m£&Q(m&X]\D[ MgSb S^OIIb § 2 #(76) Oil ISSICf). 3^01 ££*{|(72)^ eiS^ PR/ 
C QB &XI AhOI^I ^BIM ^I5H ^^61 MB AI2JCI-. H^0IS£ai(72)£| XI 4^(011, 301 ^ S ¥^l)^ PR/C(70)2J 2^1^! ^£0|| S§i 
□ 1^ 5101 CK 01IS MCH, 21^0|^EEXII(72)^h HOPI" ^SCf 3B5. PR/C(70)2J »9BS H^OI (72)^1 ¥SH 3 ^OiSD =01 B 

nH2i ssaso 3^1 1 201 Ch 

£7A2f £7BS §5813, QhMOil 2^ XH^M H^OI (72) ^ Oil S^APIH, 2^(73: OIL M^) ^ 3^(74: Oil, 2>^)g S^5^£^ 
61 HH0A|^CK S^OI e^(73)BF ^=(74)011 EH. EO E S4-0I M (75)fe M^(73)E^^Ei H^0| SE »|(72) 21 SSi V}EJt 2>^(74) ^E 

^ £§§!LK 2^(73,74)2] x!4fe SX|(70)2| ^^Oil S^M ^Q. Oil » ^CH, 2^(73)01 ^oi^S £J CH 2i22, £PISS B 

3 2^(73)E^¥Q2| e!E^0|^(75)£J Hbh« 5! 01 Of. §12, 2^(73)01 ^S ^^012, 3^(73)^ 2^IS^ ^CH^jE^ 2^(73 

)E^^EH£| 9DEdhO|s(75)2| E^ 510|Ef. 

E7A£f E7BS §56^, QSOII l^#(79)e ^ XI (70)011 S^AI^iCf. 01 ^2S(79)£ ^1^1^ ^^OIU Ifs^ ESE^¥Ei PR/C(70)°I S 
^S^S MI!ia. CFMOII S(125)e ^^S(79)0jj ^^61 HI Sol- Oi AH 2^(73,74)111 S^I^E^ 2^£J^ SS(77,78)M t!£!^E^ sh 

a. 

E7A£f E7BS &£S^, &6H ^I^^OfSI S^^ldFS 0151^01 4 4^ PR/C(70) £ h X|°J ^^^SOI OhUEIb 31 

^ 4 3 oi a. oiis mo\, pr/c(70)oii Diei^ei ^^^ah ^ieK7D ^oii 2^(73, 74)e ssoQ ois ^¥011 ^^oise 

^l(72)M §£6^ 511 4 2iCK 01 3^ Oil 2iCH AH @J E2I0I M(75)b ^l&(71)3J- H^OI SEa(72) AhOIEJ JU^m g&m 510ICK 

E5C, E5D, ^ E5E0II ^^6h01 0!E2>OI^ OIISdl(MDM) SXIOII £§i ¥CH b^2f ^01, S ^§011 CLf^ ^XUOHSJ 3 

XI ^ 0IEdFO|^£| H^3^o^ Gil 0|M£J^ ¥ ^H2| 2^011 2^ Efe 2^11 5&6I-D1, 0|§ &XI2J 

2£ M^m 4 SACK OIM^ ESC, E5D, E5D0II EAISCH 9X11, ^^E^ OilSS-l ±X[ 0121 Oil H^ZL^ D\^m §lf ^ 

xi^ ^x^M xiisspi ?iai. ndin ssa xi» ^xfs Ahssfe ^&§i ssoii chsjoi 4 aia. 

E8A2f E8BM S^ohS. 4^J ^^21 PR/C(80)2J 0ilA|^9J ?fl|0IPJ EA|£|CH E8A^ PR/C(80)2J SSEOIH, E8B^ E8A2J 8-8^ 

Oil mm PR/C(80)2J BSEOIDK 

E8A2^ E8BM ^56[^, PR/C(80)^ °^Zi^ Dt^m ^ E^ S XI Oil ^|^!^9J XI XI S XII 5 6^ J\B{8])m =?tt\olW, ^&ef 3?, PR 
/C(80)2J #^¥^E^¥Ei ^l^(81)e 12oPI ?l°h g°^|(88)M ^bl^CK 2^(83)M ^^^l(88) ^iOil m&mct. UmOU 2^(83)2| ^¥ 
CHI lPi#(86)e §J EHBAI^Ai gX|9 ^I^M OlgShOI b|0^S(89)e SSAI^iQK d|0hm(89)£ PR/C(80)2| ^^S^Oil CH & 6f?§2 
S AhgQCf. QeOil, H^0ISEfll(82)« e^2J D\^m A\go[0\ dl 0^(89) LH CHI S^IAPIHSMI. #(89)2J ^¥^¥EH 0^2J S^(83)E^ 
£ISAPIDi, 01^1 Oil AH 2^I^2J 2^01 01 ¥01 2 CK Eh e Oil, 9iiE^0IM2J ^§f ^6H^X| ^el 1^ XH^2I d|0^(87)M M£ 
o\0\ dl0hM(89)2| g23X| gSShESMi, M(89)g SsoQ ^¥Oil S^SOiXI^ 2^01 M(89)M fSoib 5!M ^XI^CK 

E8A2I E8BS S^6FS, DIB Oil §S S^(84)M S^SfOI, 0| S^(84)2J ^CHE ^¥^0| H^OI 2E^I(82)£f S^l^E^ S^£|E^ ©[Ch 
d^^o^l S^(84)g 2 ^(83) Oil 2]oH t!££i SSOII Siy2i SS ^011 ^!^[E^ ^^ehCK 2^(84)^ ^ 2 ^1(86) Oil 2J6H 2^(83)^ 
S^I^IE^ S^SJb 201 ^XISQ. 2^(83,84)011 ei^HI- m, EyE^0|M(85)^ d|0^(89)2J LH¥M CCfB-h H^0ISEX-||(82)2J HS 

Oil 4^IE^ S§6f2, @!EeiOIM(85)^ ^(Oil, 2^ 83)E^¥Q §>^(0j|, 84) ^E^ ^Oi^CK 

E8A2I- E8BM S^SIS, PR/C(80)2| 4^1 E8A2F E8B2J 4S^£ SP ^&o| g^MmDI, df^AI B^i S^S SCf PR/C ^X|- 

g Xi|^^ 4 21b 51if ^01 "HfeE" HB1& 4 SICK OIIS SCH, 4^§0il SiOUHb H^O|SEx^l« XH S ^ EH^ Cf§2^ SCH^ ^ 

i^ii ^#6^ Eh^H 25jg 4iXf2J 4S DH¥ e^UI^ 4 SICK 
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£7Hf !E8e SSStH. H »B2I PR/C SMfe £52f £62J MDM SflfiQ 21^25 Mdl^o^ EH 3311 ^SCHAI SQ B HF^OlEi a» 

g§ ^ aa. a sag pr/c sat oc mam ms&o\ "h^b^s^" 5101a. a^ ^s aib^ acsbs @!e»oimo| ^ehchi 90 
s dixi xi °jod 5 xm v 3j- ggoi ^sm sm @a. oia h^b^ saes i H J^25 ssastoii. 2^ mti ai^u, a s 
§1 ai^s. s&hioi aasis), a saw fitfaioiacvco"), &!£aiu(oii, mm a^M), wsoi^hok-agc) eoii ahi 4= & 

a. 

£73 £8M S^ohS, OjlAl^oj 015 PR/CMS 8#2| 3|*J- 3! MSM±S¥E|2| 2JD|2i^ Sm°l 0IB0ICL 41 XII, PR/C2I 

^soiite ^dieoi sss>xi s^i^a ma. se«l sh aissas eh¥^2j b^esi ni^ss ^itsa mtti e^ma. bum &s 

XHSdlsa HISB^I- ^S SxIM HIS el a. 

IV. EPISfifSa 

a uaoii aa, pmc sat seb ^s o\d\ E^o\\M9\ as 2^ Afoisj as @!Hsioie a§§ oi g oh ai s^i i^^ei ^§oii Mmm 4= 

£9A2|- £9BM OIIAI^oi £^§xl (90)21- EA|£|CH «5|0l|/d £9A^ »*S«(90)9 S2£0|H, £9B^ £9A2j 9-9<^ Oil a 

B B«SH(90)2| BBS0IO. a ? Ml Oil Oil SiCH AH, Sa(90)te IWSaOII XI XI S M3»te 3|EK91)« fiBBQ. Q80II B^OISEE 

31(92)^ 3I5K91)0II §£!S|B, 01 IQ^0|SEfll(92)te *j o, Q = Sfl AK) |oj ^£|g ^eH 3U5I HHidAI^CK 

£9A2f E9BS 8£8*B. 2^ XH^S B^0IS£*II(92) &0il U^AI^IB, 2^(93: OIL 8^) ^ 2^(94: Oil, §^6^£^ *jgol EH£ 

Al^ia 2^(93,94)2] ^SS E5A2)- E6B2J 4>S MDM2| S^SQf »0| g£! BD. E S&«. S SajOl 2^(93.94)011 2"}H! 

HH @!HE*0|M(95)2| "AIM"^ i*££ICH, SIE^O! ^(95)£r M^(93)^¥Ei B ^ 01 8£S (92)21 521 aa 8*^(94) S§e[Q 

. @! = yo|e A|M(95)fe Sj»8*te e^S Xl&Blt= 5IU2J Aj EH SE^ §S[Sx|(90)2| §2 ^ 0122^ SAho^ ^0A|3| 

^ 6m°l D I EH ^ AH M§! 4- 

5E9A£h £9BS S3E8JB. ¥SSK99)* @!H^0|M(95) ^Oil SSAiaa. QSOII 99(97 V 98)B 2^(93)^ 2^(94)0il 2^2[ 221^°^ 

Aiaa. 

£9a^ £9bs s^ofs, goH ^i^ ^o^£j 2^^^ a &soii a^ ^p^^ a^^is s 4^ 2ia^ zim 2i±\m 

4^ aoia. 

V. 3 S BEI§ ^A^ diAl 

£10A£h £10BS 0||A|^9J 3 §J BUfS" SA^ AH ( 1 00) £AI£ICH OI^IOIIAI SIOAfe ^iAH(100)^J SSEOIH, £10B^ 

SE10A°I 10-1 04! Oil TtB £!AH(100)2J BHSEOIQ. 

£10A2f £10BS ^5512, £!AH(100fe (a/HSTMOII XI XI M HIS 5^ I>I5K101)^ S»&CF. ^I5h(101)0| biaafflOI^U 40 Ai (100)011 AFg 

@ xh^2[ tn^^j^oj H£^i(io6)M ^iedoi) ^oii dHxioK)i ^ie(i 01 )o^^q ^iAi(ioo)^ f^¥f§ ^biai^ 4- &a. aeoii n 
^oi^£xiido2)s ^ib(ioi) &ou ^^Ai^acsE^ m®MD\ Af§sb 3¥oii£r ^^s(io6)oii saffci). n^oisEad02)2i a^toii. a 

0| a g. ^^^jo^ >yiAH(100)2J a^l^j l§t 3i0ia. OIIM MCH, I1^0IS£^I(102)^F gfH ^0\J[ ^Ma BS, ^ AH (1 00) 

oj H»as ^2^0|g£x-||(72)^h ¥SH 3 ^Oisa ^0| B DMS| XH^^Sa B^l H 20ia. 

£10A£F £10B» 5^612, XH^M MOI'SEaKl 02) 6KMI S^A|3IH, 2^(103: Oil, M^) ^! 2^(104: OIL m%o\^m 
SI EH &! At ?J a. 2^01 e^(103)5f §,^(104)011 ei^H ttH. @IH5|0| e(iQ5)te 8^(1 03)^^^Ei H^OI a£E»l(1 02)°J 5S§ aa 3^(10 
4) ^gokCK 2^(103,104)2] d)A1(100)2J ^^CHI DlO^a. Oil M M01, 2^(103)01 g^U S9JM^ £10] ?±°&, 2 

^IS^ 32 2^(103)^^¥Ei2J SiHaOI^(105)2J HHhM 3J0ia. E.^, 2^(103)01 ^^012, 2^(103)2] S^ISS OT^I2 

S 2^22 2^(103)o^¥E12J aJEaOI^(105)2| g§g i^H ^0|Q. 

£ioasf £iobs ssshB. asoii ^asdo9)« s^o 03.1 04)3- @iHaoi 05)§2^ oha@ ^2j ^^oii a»/d aasD. a^oii 

S(145)§ ^(109)011 ^^61 XllSofOI SS(107, 108)01 2^(103,104)3 2^1^^^ ^ B^3£^ 

£10A2f £10BS ^^ol-B, BHFS" ^A^(110)^ S(109)B SoH 4UAH(100)^ ^ A^a. E0H^OIM(1 05)2J SSI ^oH ^S". 
^ol XFSJ^^oh OF L| £| ^^]X| Oil AH SEfOII 01=^ ^UI^22J S^jOIIAH °j^oha. SJEaOl M(1 05)2J ^§12 XI-2J2 0^2J Uh&Oil AHfe m 

mi ^ oi^o^a. ¥s^d09)e esH ^'Ahofe gr^ ms2i 3(110)^ siHaoi^do5)2j ^en ^ei ^^2j oi^^g ^2Ai3in, §^ 

@IH^0IM(105)2I ^§ SE^ AlZie B^tMUQ. 0\& Al ZJ- xhO|^ 2X^x|^ S#^ h ^ ^A^2| £J£0|| &fl|^ 2^a. 

S10A2F £10B« »£8>H. &oH ^l^^0^2J Xl^X^a^ 0I2&0I 4- SA^ 4!iAH &x|2J ?*»H0I OhUat 5!^ e!A|» 4* SI 

e sioia oils moi, ^ah(ioo)2j ehq^oj =?&°^m, ^iekiod &o\\ 2^(103. io4)s sasf2 aeon oie 2^M2j ^¥oii n^oies 
xii(io2)M m&m^ ^ ^a. oi& s^oii s^chah, ou^aoiMdos)^ ^i&doi)3 n^ois£^ido2) ai-oi °i ^tse a a 

5101a. 

^a^oig^^a 

VI. 

aaAH, s ^soii 2\m&, xibigom xii^^e nxi^ Bx\m ^ ^°di, oi>!^ oiieai sxi. h^b^ xhs^i ^siah s 
xi. ^^&xi, §y 4i! ah 21 as 01 a ^xi saoii ^\mm ^ 910. 
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um, s °^s&§¥^ oil caei tfa-aaneh e ^3 8 eai^ =gsi ?sioiioii ^ss^ 5101 oma. mm mo\ o\d\o\\ pmc2| 

Sfll, bHxl a! SMSKM 9iO\M W2H 3HI2I £H S ^H^IOI §¥2| S^g^lOjl UEIbh S H¥|21- SXI^¥Ej 3! 01 WO I £01 0I¥ 

CHH ^ 9im SOICK SB, SoH S0f2| SS^te 01 2HI g^HI AFgOl Oj|A|^ sgoj ^? XII Oil 0121 Oil PMC 3XI0II SffleCHs 5!g S! 

a si- 5ioi a. 

(57) s^hi mm 
a?» 1. 

LH^OII 3^0ISS H^OISEfll XH£^ SSI, ^ Sfll2| XHSOil 2^11 #31 £PI s 

2JH2J 2^ Ami Oil XI1 1 S&0| 21Jl£\£m =?£2(0\M. XI1 1 S&0I £>OI 2^H^J 2^ Oil BI^Hte Sfch &2I 2JH2] 2^ s i^2^Ei 

Ah^| 2 ;H°| 2^ g ^ @iE2J0IM» £SA|5>1 H^3^A|5M£r 51M ^§2^ 6^ S^tf^. 

S?S2. 

HI1S0II &OUH, #31 2JH2j £ = g H1 1 S&OII ^£0| &CHe! XII2 S&0I EPhSE^ ^SHOt/d, #31 2JH2j 2^011 XII2 2&0I e!3h£l 

b §e* #31 siEeioi^Hj aS0 | ^ 2 gb 5ie ^sss h^zl^ :>^e s^stfit. 

a^S 3. 

JIMS Oil 9iO\M, #31 2JH2J 2^ AhOIOII JHXH£|01 #31 SIEEjOl^ HX|o*fcr 23|*h iJ2 XH^M S&5H1, #31 £3|*< ^2 XH 

mU2| 2^2^¥Q SSS #3| ^ 0IE2JOIM3I- 2^011 S^2Jhr Al SOil Ai 4* £31! ofh 5±M ^S°S Site H^D^ 

4. 

wi»«i &ouh, #3i n^o\g^n\$= e^ois-ss sas ^#£i 5!i mte H^n^ ^^mm. 

S^PS 5 

»ii»«i ^chah, #3i n^oiesxiite g. ^aife » hi?b°s ^#3 UH-^^0|g §#£! 5ie 

g^t^ 6. 

«I5S0II 9iO\ AH , #31 ^S^IUE-^^Oie XH^b ^^IMS I B ZIM * II B 3g ^^^¥EH >d^£lb &^6hfe 51 

XH15S-CHI 2ACHAH, ^,01 ^3^|L|E-^^0|^ XH^b, ^P5.| ^ 0^^^ zp^g 22£¥Ei <y^£Jb &^6^ ^S^^ 6^ H 

H1 19011 ^OIAH, ^Ol i^Ol^^x-ilb ^sabl^S2§ ^^^! ^S^ilUH-^^OIg XH^^ §££IOj 5!S 5fb H^H^ 3|- 

g^P9 9. 

XII m Oil 5tH0\M , ^»0| 32^0IS£aife AgAsS 2 S S^oFb 5iM ofe ^^H^. 

a?»io. 

m¥oii s^oise ^nib h^oissesi xhs^ ^mm xiigofe u sag xH^oii a^ia ^4=2j xnsm^ e 
a?» 11. 

^^o| ^ 2JH21 Ahoi chi xih ^§ Aizieei- ej ^hahcx 2^ ^s^^^mi, ^01 2^2| 2J^^ 

AIZI eel Oil ^Ol 2^°^¥Ei ^Ol 2^ ^Ol SJH^OI^M £SA|5Mhr ^7f2J g§§ 596^ 51 M fS2^ ofe, 

xinosoii H^n^ s^m^e H^n^Ai?!^ ^s. 

Ah^i 2 ;h2| 2^oii ^§ Aiei eei- xi!2 ei^ha^ ^^^2j i§§ s§ofb 5i# "§2s xmmoii wtm ^^n^ ^^§1 ^^m^ 

2J H^Zl^M ^SA|3lb ^g. 

a?»i3. 

X]|1 21^ Oil 2iOi AH , Ah^| XH1 1 S^ILf ^^2| X1I2 S^S oj^hohCM, ^^1 S^°^¥Ei ^71 2^ A^j cyc^ 0 |^ 

» ^3A|3|b 51M ofe n £ 3^ ^^Sh ^^sf^2| H^H^M ^3A|3lb ^S. 

Xil12i^0il SiOiAH, &D\ XiM 2^if ^CH2j ^hXIfe Xil2 21Jmo\ @!H£F0|eoj Aj§s «SA|5lb 51M ^S^^ 5^ 

H^n^ ^^m^9] ^^n^m ^sai^i^ ^g. 

Sffi ^dlel H^OI^^X-II XHS; 
SSOil 0Hx|@ 8f^; 
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EOEdhoi^^ &d\™o\ m&m ^§6^ aoia uhich, aoit gr^a- m^m es^i oj:>^ aaoii °J6H £3§i 4* 

9l£= 51 ^S£5 Sfe H^H^ 3Hs» D\X\$= m. 

S^S 16. 

HI15S0II 2*101 AH , H^0|££x1l XH^}=, ». fills S! 1^125 ?25?Ej XH^S S^Sfb 5!M 

»fe fl!. 

a?»17. 

3115301 £101 AH, &D\ S^OISEXII XHSte *. *ifiils U i?§°5 3£S¥H XHS2I- I B Hg SI MB 312^ 

a?a is. 

Xil17S0il 910\M, H^O|S£flte ^SSdl^gg SSShte 3±m ^§25 o[$= tf. 

a?»i9. 

hi 17 noil sioun, ^oi gj^e g, =?e\ §j o[^2g ^aa ^o^^ei A±E*^i= oi^chxih, &3i tfDifei 5^6fb zim 

^§25 6^ m. 

§?S20. 

H1 19^011 °1CHAH, gj = g 8-«*0lte 0i§#°^ 01^01X13, &¥Dls°£ 0l¥0i£! ^S^S M. 

g^P3 21. 

HI20S0II £101 AH, £>0| AK)|£j Hl^ >|E|^ ^ n\HB LHXI ^°»^£] gJ OI3^£j ^S°S Sfe 

HI17S0II SiCHAH, £M ^Oig£xll XHS^ gj^jtt &D\ Ah 0 1 Oil dHx|£JH, £,^1 g^HI § S^i S«»te 3§ 

S 8hte fll. 

a?» 23. 

H1 153011 2iOUH, #31 *jo|| y £2 f HIS»te XI XCI&e CH 5^5fb ^S£S SH= £!. 

S?S24. 

HI15301I 21CHAH, &}| SlEafOI^SJ ^ 0 |^ £D\ g^Hf S^OII a» e!?H! ffH S^oHQ. UOI^ £D\ 

££ h 0| ^21 (EH a^Shfe ^S^^ 8K= 

a^a 25. 

HI 2411 Oil 2i01A1, ^Ol £!E^0I^°I ^Olfe, ^>^l 2^01 0.5 LHXI 1.0 MMgJ ttH 1 0' 3 m/s OI^SJ ^SE^ g^f EE^ 3<m ^S^^ 

^. 

HMS^Oil Si 01 AH , @!HdF0|^^ &J\ 2^01 Hl>ll CEH 3 ^EH^ ^0^ 5Jg ^§2^ 6^ M. 

H1 15^ Oil 2101 AH , gi§ Aiei- Zl^ Oil AH ^31 eiH^OIMSI ^01 Oil ^^^1 2^I^2J ^§SPI sJ^M CH S^ofe 3*=t 

a^S28. 

H1 15^ Oil 2101AH, &^| @!HdF0|e2| &D\ ^01 oigo^/d ^^og¥EI S^8^| ¥ioh0j, 4^1 ^Ol ^Ol 90 H 

2*01 M ^ ^^1 3^0IS£Xil XH^^ ^j01£ ^ ¥^0il gx^ fi CH fiSotfe 3*m ^S^^ ofe M. 

29. 

331 ^?b|S[ H^0I££*JI XHSM HI 5 6^ 
^Ol HSOil <S^m m%o\t: g§; 

AOS gf^°^¥EH Hie 0 |^@ ^EL|2| &}| SSOil §^6fe ^ 

a?»3o. 

HI 29 E h Oil £10UH, ^1 H^0|g£x-il XHS« HIS 6^ ^Sil^ » i?§2^ 52^0 »33HUH» ^^IMS I 

b 3i §y iib ne^¥Ei >heh£j^ hisb^ g§§ a&s^ ztm ^§2S 

31. 

HI30^0il 2*101 AH , &OI I^OI^&Xll XH^S HIS 5^ ^§8, ^Wlfbl^^e HISo^ S§1 5&§fb ^§^^ ^S. 
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HI31S0II 9JlO\M. &3>l &g&ti\±&m flISoffe g§8, 500 Oil El a Q IBS 21 glil gSfbl^Ss SAIelte §§§ 5S 

Slfer 31 ?S2S slfer g*a. 

§?S33. 

BI29S0II 2JOIA), gf^S S£8hi= S§S S. » 22S¥H £^!£lte XHS2I gf^s USSIfe S§§ 5Sof2, 

»?» 34. 

HI29S0II 2J0UH. E^S gSShfer S§S, gf = OI| gSOII ij^Slfe S§§ S&Slfe 21 ¥J2g olfef »B. 

§?S35. 

HI 29 S0|| StMHM. &1\ HSZlg ^feet MOW 2JE2I- 22Si fllgo^l ?I6KM XI IP IBS DlSolfe g§§ CH SSSIfe 5!S Sffe 

OhtH 

g?&36. 

HI 29 S Oil AH, gJ§ AIZ! CHI AH #3| &!EdfO|M£| 4£D\ ^ 0i CHI 5.^9 S^l^eJ ^§oH?l SIS» WSShte g§§ CH 5§ 

g^PS" 37. 

HI29»0II AH , 6P| @|HBF0|eo| mj\ gjQI SSfe ^go^AH £&H^¥EH &D\ SaoPI ¥loK)l f £>0| &}| g^, #31 S!H 

EiOm §J 2^01 8£HI XH^°J ^CH£ SJ ¥^0il 21 » #M Xil^Shfe g§i CH S^ofe 51 ^J2S offe »ffl. 

S?»38. 

Ah^| @iH£h0|M2| &3I HOtM S31- SE^=r &±M3\^m, S^j» g^OII ^xi B!^SH= Sit CH S&ofe 51 ^SSS m 

fe, 29S0II D>e HSn^5ffe 

g^ig- 39, 

LH¥0ll S^0l£§ DlX\t= H^OI^SEfll fflSS Sfl. XH ^ CHI » 9^. U 6PI SSI Oil 35Sb 301£ 8hU2l 

Ah^| of = g o| M A^OI Oil XI1 1 SSOI BI^HS^ ^£S0UH OP I Oil &3| XH1 1 SB0I &D\ g^°^¥EH &3I gf^ 

^cH£ oH42| ^ £> h ?l EHHEJOIMSf 6*31 Ii^O|g£E»IS¥EI #31 ^CH£ o[L[9\ ^£IAI5I^ ^ilXHSM =? 

ai»CM, 

OI^Mi ^U| o. Ah^| ^CH£ 6m°l 2^ e 2^H2J AhOIOll S^l^ ^^01 &J\ @1E£F0|MS| ^§011 [If 

X||39»0l| SdOl /H , ^51 ^^OI^Sx^l XH^^ ^. ^ais U ^^g^^ ^^S¥Ei >d^^ W3^|L|H0|H, ^^1 S^OI^B ^£1 

O^o^ ^^19 5^^«Ei £^£1= ^^^^¥EH S^Q 51 ^S^^ 6^ 

a?»4i. 

XII 401^ Oil oiCHAH, ^dlXH^b, 0JH^OIM2J S§oj| [Q^ ^tf5^ 2DI3 ^^0| g^2J 5^6fb 51 "§2^ 

S^P»42. 

XII 40 ^011 ^lOIAH, #31 ^IXH^fe, ^31 aH^OIMo, agoB aasjte 2^1^ ^^01 X|»fflS« S&8fe 5i 

a?»43. 

m, ^£ils ^ P§°^ ^ah @ ^o 5¥E1 AjejQ ^3>i|L|H XHS^ 1^32 T 1 ^ ^ OF^o^ 22S¥Ei ^^Ol^e 

^^xi^, h^oissexiis ti^sife sai; «^i sasi xH^oii ^ §y ^mou xiigg^ ^ ch s 2^hsj ^^i- s&sm 



ao| 01 S AhOI Oil XI1 1 S^OI ?^£|0iAH 04 ^ I Oil ^^l Xil 1 £^0| §^ M^°^¥EH ^>0| 

S SIEafOIMfi ^§A|34 H^ZI^A|3I2; 

a^I ^CH£ 2DW9\ ^Ol e!H£hOIM2F ^^l H^0|^£^l^¥EH 2D\\9\ ^E|AI5lfe XH^M ^d|o^; 

OI^M-i a^| s= mj\ a. Ah^| 2^H2] 2^ g 2^H^i 2^ A^OI Oil ^§9 2^1^ ^^0| 4^1 ^ &i — 24-01 — ^&01l CCfBj ^^8F 

^ 5§ §fb h^h^ Di^m ^^mm. 

S^»44. 

Xil 43^ Oil SiOHAH, a^| ^dlXH^b, &D\ S!Eaf0|^£J SS01I CCF£| ^§f5^ S^l^ ^^01 §gei ^2aHIM S^5^ 51 
45. 
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HI 43 Sf Oil SiQiAi, £D\ ^BIXH^^, SJHaf 01^21 g§0{| Q> EJ- ES5H= 2313 ^SOI JHSffl XHSXBSB fi^of^ 5§ 

g^PS 46. 

SMS LHXI XU9S, XII15S LHXI XH28S, » XU39S U XI XH45S S 01J= & SOU OS ^teB S^Sfgie SSSffe 51 ^S^S Sf 

fe. uiflttg Diisai ^xk 

S?&47. 

xinos lhxi xuus ^ ai29» lhxi »i38» s oii= e sou os n^n^ status wsafte s§§ ssstt 2§ ^s°s eit. 
a?&48. 

xing- lhxi mm, miss- lhxi xii28S. » xii39S lhxi xikss g oij= e sou os R^nm it^m sss^ 5§ m 

fcr. XIS £Xk 

S-PS 49. 

X1I10S LHXI XH14S H XH29S LHXI XH38S g Oji= & SOU OS H^H^ S^StfllB SI2Shfe g§I SSShfe 5M ^J°5 

X]S4:Xh3 fllSSfe »ffl. 

§9g 50. 

WIS LHXI XII9S. XH15S LHXI 9289. ^ XU39S LHXI XH45S g 0U= » SMI OS H^Zl^ 3JteB 3*£HIIS SSWfe 51 61- 
fe. H^H^ 3JkB gS±». 

S^*S 51 . 

XI1 1 0» LHXI XII 14S §J SI29S LHXI XH38S g 01i= B SOU OB 3^£MU« »IS»fe g§§ SS»te 31 8hfc. 

H^Ztiy gS£»B SlSShfe SS. 

S^S 52. 

XiMS LHXI XH9S, XII15S LHXI XII 28 S. ^ XII 39 S LHXI XII45S g CHi= B SOU OS H^Zl^ DI-feB S^SttillS SS6H2, OPIOilAH #3| 3 
^ 90HEIOIMS S«8K?I ?i6H 2^01 o\j[£\<= mj\ 2 D\\9] £> h CH^°^ E HJIOIH Ahpj^o^ g 33M2J 

OI^S S§A|3|fe 5[§I 3HQ, till H^0|&£xllfe ^§ m§£| SOII f§£[ ^jCH£ B ¥^1 ?b|8hCH, OI^Mi ^3| @|HE|0|M SSI H 
S3S8H= 501 &D\ ZQ^0IS£E»l« SB 3f¥M £^3°^ »B U ^§5fb 2 2! 51 Sfe. S¥Hi- »»B SEfe fii-Ah 

£E A\o\m s^sxi. 

53. 

XH10S LHXI XII14S SI XH29S LHXI XII 38 S g 0\± m SOU OS S^m^M XH^ofe i§§ SSoHl, OI^IOHAi 

QUH^0IM2j H^n^S^I ¥i5H 2^01 ei^^^ ^^1 2^H2] ^CH^o^ e B^IOIH, H^OI^£x||fe ^§ Eh&2| 

SOil ¥Sef ^CH£ & ^blo^Dj, OI^M-j &iHdF0l^2j ^§01 4 h 3l ^^0|^5Ex-ll2J ^¥1 XF& b| XhEhofE^ 

b^^o^ 9CH£IOi/H, ^>^l ¥S¥MI SoH e^£J£^ XI SS SOU 0\o\W o\L[9\ S^ ^^Ixl^ 6^ 51 f§2? ofe, S^ 

^^Ixlfi Xil^o^ ^S. 

S?S 54. 

XII1S LHXI XII9S, X1I15S LHXI XII28S, U W39S LHXI XII45S S CH i= » SOU OS ^teB S^Sf^e S»»H. 0\D\Q\\M &D\ H 

^OI^SxIl^, 90HdfO|M S§§ H^H^o^l ^isH S^0| oi^Sfe ^Ol 2^H°] 2^ AhOI CHI ^,^1 EOH^OI^ ^§oj ^oil ^^^12J ¥1 
XI Oil, ^ §J Buf§ ^A^Oil ^blSHi, 

23H2) 2^ AF0I2I §SH£J ei^l- 2^0U @1E^0IM2J §S SE^ ^6H°| ^£^K ^>OI ^^0|&£^|£] 4^1 

¥^011 ffl Al-S 401 ^ S£^ ^A^OU 2J^8h01, &OI H^3^ ^^If^OI ^ EE^ ^AF<M AH ^ AH Pl^Sfe 31 ^S^^ 6fe ^Ah 

<y ^JAH. 

S?S55. 

XiHOS LHXI X1I14S ^ Xil29S LHXI XII 38 S g 011= & SOU OS S^tf^M S^Sfe 5§i SSSfH. OI^IOUAH ^P| 

0!££*i|{=: ^ §J BUS ^A^oil fg£[ ^|0i£ ^blSUl, &OI 2JH2J 2^011 S^i i§of)il 2J^hoH2, OI^AM &D\ SiS^Ol^Hj 

^5H2| SMS ^ BEfi ^A^2j ^ £ XIS^AH ^1^6^ 51 6^ gMfd ^11 AH « Xil^o^ 



£3 
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